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Report No. 7 ~ u n e  1969 
I N S T W I O N  OF ACCESS TU3ES AND CALI BRATION OF IEUTRON ~1~ ME;TERS 
by C. W. 0. Eeles 
The neutron back-scattering method has very 
great advantages in the determination of s o i l  moisture 
content .  The results obtained, however, can be easily 
rendered invalid by faulty calibration  method^ and 
incorrect installation of access tubes .  This report 
describes the routine method developed at the Institute 
i n  an at tempt  t o  overcome these problems. 
The use in the United Kingdom of the neutron moisture me$er has 
become firmly established in research which requires the determination 
of changes in soil moisture content. 
The neutron scattering equipment consists of a probe containing a 
source of high energy neutrons with a detection system for low energy 
neutrons, and a scaler or ratemeter, The neutron source is usually 
Americium-Beryllium which has a low gamma output, a long half-life and 
emi ts  fast neutrons w i t A  an energy of the order of 3 MeV. The source and 
d e t e c t o r  are lowered into an accesa tube i n  the ground and a fast neutron 
f lux is s e t  up in the soil. The hydrogen nuc le i ,  which are present 
mainly in the molecules of soil water, moderate t h e  fast neutrons by 
elastic collisions to the thermal energy that these particles would have 
at ambient temperature, The thermal ("slow") neutrons form a 'cloud' 
which stabiliaes in about a microsecond, and the rate at which back-scattered 
t h e m 1  neutrons arrive at the detector can be related directly t o  t he  
moisture content  of the s o i l  by e i ther  f i e ld  or theoret ical  calibration.  
The detectors in equipment in current use are either a boron 
tr i f lupride proportionsX counter or a lithium glass scinti l lat ion detector .  
The lattelr has &he edrantwe of approximating t o  a 'point detector, but 
requires more complex electronice than the counter and appears t o  offer 
vertical resolution o f  roil layera which is little better than a ehort 
proportional uounter with a cenfre-glaced source. Modern eleetroni ca 
has brought t h e  scaler and retemettr to comparable sizes and the only 
disadvantage of the  fqmr is the higher power consumption which rnukt-s a 
larger battery pack negesswy. The crdvantwa of the ~ r e a t e r  precision 
of a scaler is therefore obtained st the expenes of somewhat greater weight. 
Although the i n i t i a l  eoet of' neutron scattering equipment is h i ~ h ,  there 
Eare very considerable advatlCtige8 t o  be gained from its use in determining 
moisture aontent. 
The gravimet ric method of mcrieture determination involves tht- removal 
of e, soil. sample from the @ i t s ,  Inevitably t h i s  procedure changes t h o  
natural soil moisture reaim so that amplee W e n  at a h t e r  date must 
be taken soma d i e t a c e  awey, Errors are inevitable a t  every stags of 
t h e  gTocess particularly in the determinations of uol\uncs aid xeigtbt :? , 
and t h e  releetion and maintenance of the temperature and time for whi i4h  
smgles are dried, Furthermore the 8ravimetrie method cannot be regardeed 
as an abeolute method because of the complexity of the  d i s t i nc t i on  between 
'free' and 'bound1 water. dlnpther dinadvmtage of' t h e  method is that it 
is expensive in t ime aad Labow, dLthough the  capital outlay for equipent  
is much l e a a .  In eherg contraet the neutron method can be very precise 
and is repeatable dthwt further dieturbancc t o  the soil afier the 
smplseement of an aceearq tube, The tima taken per reading i s  comparatively 
short so that the number o f  s i tee  which can be ampled is greater, trnd 
these C M  bb sampled t a  esptbe which would be ilqpraeticabls with the 
gravimetrlc metqod. 
lndirect , tansiomttrie methods (e. g. resistance blocka and porous 
put tenaiaaretera) suffer f m m  sweraJ. drawbacks. The m a t  seriaus problem 
1s that dire& contect by the f n e t m n t  with the soil i a  diff icul t  to 
mintsin, T4e eh- hpcbnua of t b i e  c a t n o t  altertr the time taken by 
the block (or p r a m  pbt ) *a reach equi14bxi.um with tbe soil moiature. 
This time is d80 efDec%ed by the different hydraulic conductivities of 
the block an6 sail, There i6 &no 8 &able mount of hysteresis between 
the drying aod wetting c y c l r s  i a  the media. 
The very  great advantages of t h e  neutron back-scatter method are: 
a) the same soil is determined each time 
b) consequent upon (a ) ,  background errors are constant and moisture 
differences can be measured very accurately 
c )  the prec i s ion  of t h e  method (assuming good electronics) is dependent 
upon the number of counts or the time constant; this can be calculated 
and checked, and can be set  as required for given circumstances. 
The advantages w e  l o s t  however, if t h e  access tubes are incorrectly 
i n s t a l l e d ,  giving rise t o  unknown biases, or if the calibration is 
incorrec t .  The r~utins methods developed by the  I n s t i t u t e  of Hydrology 
i n  an attempt t o  overcome the problems involved are brief ly  described 
in this paper. 
2 .  ACCESS TJ3ES 
Aluminium, aluminium alloy, brass and stainless steel  tubes are 
all currently used in Britain (3el1 and M c N l o c h ,  1966). The factors 
affecting choice of a particular material are soil chemistry, durability 
and depth of installation and the need to obtain the maximum count rate. 
Aluminium is the most "transparent" material to thermal neutrons ; brass 
reduces t h e  count rate slightly but might be less  corrodible in an 
alkaline soil. Stainless ateel  is t h e  most durable material  but due 
t o  the large neutron absorption cross-section of iron this gives a 
considerably reduced count rate; it has the advantage t h a t  tubing is 
strong enough to be flush coupled t o  reach greater depths than t h e  
available standard lengths of other metal tubing will allow. 
The access tubes used by the I n s t i t u t e  of Hydrolo= are stamless 
aluminium a l l o y  tubas, 12 in outside diameter, 16 s . w . g .  wall, closed by 
a tapered plug of the same material ( ~ i g .  1 ~ ) .  The conical nose of 
the plug assists t h e  location 00 the  tube ss it is forced down the hole 
and presses back into t he  side any stones that  may be projecting, The 
tapered s h w k  of the plug tends to spread the tube mouth and so makes a 
very t i g h t  metal to metal seal. B s s t i k  Outdoor sealant i s  placed on t he  
i nne r  taper t o  ac t  as a second seal, making the tube completely waterproof, 
The tube inside diameter is approximately in greater than t h e  1 in 
diameter of t h e  neutron probes used. The tube is usually of such a length 
tha t  a standard length, say 5 cm, protrudes above the  surface, but i n  
some circumstances this is mads to be either more or less. 
In the f i e l d  the top of the tube is closed by a rubber bung 
which has a perforated container of self-indicating silica gel suspended 
below it ta absorb any in te r ior  condensation, Over the  outside of the 
tube exposed above t h e  ground, a short sleeve of 2 in tubing i a  fitted 
to prevent fsrm animals Prom removing t he  bung. 
3. DISIURBANCE OF SOIL SYSTDl 
Provided care i s  tsken not to alter the  surface structure of 
the soil during routine readings with neutron moisture meters, t h e  only 
changes suffered by t he  soil system w e  due to the  installation of the 
access tube. This work must be carried out using a routine which, if 
followed closely, will ensure the emplacement of t h e  tube with l i t t l e  
d-e to t h e  surrounding soil matrix and none to the tube. f t  is 
absolutely essential that the accese tube should fit as tightly as 
possible t o  prevent water running down the tube from t h e  surface, and to 
avoid errors in moisture detemination caused by air or water f i l l e d  gaps 
between the access tube and the soil, Nevertheless, undue compression 
of the soil around the tube muat also be avoided because t h e  zone nearest 
to t h e  access tube influences the reading most. 
Methods of access tube insertion using a simple hand-operated 
soil auger are unsatisfactory for a variety of reasons and should be 
avoided, The presence of stones can cause the hole to deviate from t h e  
ver t ica l  by deflecting the auger b i t ,  and if a stone is forced aside a 
cavity may be made in the  side of the hole, affecting the dcnsity of t h e  
cloud or' thermal neutrons differently in varying moisture conditions. 
The repeated movement of the auger up and down t h e  hole when removing 
soil from t h e  bottom tends to enlarge t h e  t o p  of the hole. This leave8 
room for rater t o  r ~ ~ l  down the s i d e  of the tube, making it necessary to 
backf i l l  from the surface and gives the soil immediately surrounding the  
tube a different density and structure. This affects the moisture 
retention of the aoil matrix, aad 611 alter the distribution of thermal 
neutrons surrounding the rmdiorctive source leading t o  errors in the 
determination of moisture content. Mechanical augers share the dis- 
advantages of hand augers and also cause much more disturbance due to 
churning with  caught-up stones, compression, oversizing, etc.  
4. TOOLS, ACCESSORIES AND PRWEWRES FOR INSTALLING ACCESS TUBES BY HAND 
The tools used for t he  insertion of access tubes must be brought t o  
and used at the selected s i t e  wi th  as l i t t l e  disturbance to the aoil surface 
as possible. Access tubes should be instal led in dry conditions, 
preferably prior to the growing season. This may not be practicable 
however, and in wet conditions, or when there is an easily disturbed surface litter 
layer under trees, the soil surface around the hole must be protected by 
the use of duckboards. The whole operation requires w i m u m  care and 
s k i l l ,  because a badly installed tube will result i n  permanently biaaed 
readings. 
The 3f't guide tube is e h m  in t he  ground at the top of a hole in 
Plate 1. An auger is in t he  tube while the ground surface immediately 
surrounding the  tube is protected by a duraluminium plate. In t he  back- 
ground i s  the l i f t i n g  apparatue for extracting t h e  tubes. In the 
foreground is a 6Ft auger with C-spanners, and behind this is a similar 
length guide tube together with the access tube ready for emplacement, 
The other tuo ls  are the Tamer, tube cutter and tube extractor. 
The method depends on the auger which is worked through a steel 
guide tube (Fig. 2) of the ssme diameter as the access tube. The 
auger is worked ahead of t he  cutting edge of the guide tube so tha t  
l i t t l e  o r  no disturbance is caused to t he  surrounding soil. Auger and 
guide tube are advanced i n  alternation u n t i l  the appropriate depth is 
reached when the guide tube is removed and replaced by an access tube. 
To insert a 1.75 in access tube, a hole some 6 in deep is first 
made in t h e  soil using a 1.375 in auger, and t h i s  is done through a 
1.875 in hole in a 2 ft x 2 Ft d u a l  plate placed on the ground so as 
to protect the soil surface around the hole. The auger is withdrawn, 
cleared of soil and the 3 ft guide tube is inserted into the hole t o  
a depth of 6 in, care being t e e n  to ensure that the tube is vertical. 
The hole is then augered out through the guide tube to 6 i n  beyond i t s  
cutt ing edge, the auger is removed and t he  guide tube hammered d m  6 in 
with the rammer ( 5 . e .  to the bottom of the augered section), the 
dimensions of which are shown in Fig. 3. The loose soil is taken out 
by auger (through t h e  guide tube), and the hole augered another 6 i n  
beyond the  cutting edge of the  guide tube, and so on u n t i l  the  hole has 
reached the required depth. If the hole is to be more than 3 f't deep the 
first guide tube is replaced by the 6 f% tube when 3 ft is reached. The 
extension rods for the augers errs three feet long and so t h i s  determines 
the length increments for the guide tube set ( i . e .  auger lengths 3ft 6 in, 
6 f% 6 in, 9 ft 6 in, etc . ,  guide tube lengths 3 ft, 6 Pt, 9 ft, e t c . ) .  
The guide tube must not be driven beyond the augered hole because 
the compression and disturbance to the surrounding soil is greatly 
increased by the compacted soil forced into the  tube. It is not desirable 
to  withdraw the-guide tube unnecessarily because t h e  sides of the hole 
are disturbed and the top becomes widened beyond t h e  diameter of the 
access tube. Backfilling round the top of the instal led access tube is 
not  an acceptable procedure for reasons given in Section 3. 
As the hole is drilled a careful  record should be kept of t he  
depths of changes in the profile, and types of soil passed through at 
each horizon. 
The last guide tube used should be taken d m  abut the f u l l  l e n g t h  
required for the accesa tube, and the augered hole one or two inches beyond 
th is  to allow for debris falling down when the guide tube is removed and 
the permanent tube installed.  The guide tube can sometimes be removed 
easily by twisting and pulling the tube by means of the tommy bar, but in 
some soils it has t o  be hauled out with block and tackle. It ie essential 
t o  rotate the tube while applying the l i f t  and particularly so when with- 
drawing from wet,  heavy clay. It is essential tha t  weat care be taken 
to avoid enlarging the diameter of the hole durin~ this operation. 
The access tube should require reaming gently to get it down, but 
not so vigorously 8s t o  make a hole in the tube with any stone that is 
pro jec t ing ,  t o  buckle the tube or be l l  it out at t he  top. When the tube 
is down as far as it will go the top is cut off to the  correct height, 
and any burra remaining removed. The site is then cleared of tools and 
soil from the hole, and a marker is left to enable the tube to be found 
again. 
F l in t s ,  stones and rocks in the soil either offer an -ble 
barrier or move but cannot be brought up through t he  guide tube by the 
auger. Small f l i n t s  and shale have the latter e f fect ,  and, if embedded 
into so i l s  where compression would be minimal, the only course ppan 
is to drive the guide tuba down about Gin or a foot and hope that the 
stone is e i t he r  cut  or forced into the tube.  The tube must then be 
withdrawn and cleared by hamering the side of t h e  tube. Large f l i n t s  
and small rocks can sometimes be broken up in siku by using a long 
round bar of mild s tee l  wi th  a chisel point which is worked through t h e  
guide tube. More elaborate power driven equipment may be necessary in 
extremely dry dense soi ls ,  or where large rocks are encountered (Kozachyn 
~bnd McHenry, 1960, Richardson, 1966). Where there is sny doubt the hole 
should be abandoned and re-sited a few yards away; the abandoned hole 
should be backfi l led.  
5. ACCESS TURE D T R A C T I O N  
There are occasions when it i a  necessary to withdraw an access 
tube, aa for example, during the course of f i e l d  calibrations. A special 
extractor is required as it is very easy to damage t he  relatively s o f t  
metal; this tool is shown in Ffg. 1B, When the extractor is screwed 
up tight in t he  tube the rubber pads are vertically compressed and expand 
at the edges, so gripping the tube wall. The tube may then be extracted 
in the same way as  the  guide tube. 
One di f f icu l ty  w i t h  the n e u t ~ o n  method is obtaining readings in 
the top 20 cm of soil. The density of the 'cloud' of thermal ~ @ u ~ T o ~ s ,  
which is in dynamic equilibrium over the  zone of importance, is affected 
by the  probe approaching the surface where there is a loss of fast and 
t h e m 1  neutrons -the soil system. By using one of the so-called 
'neutron reflectorst the density of the thermal neutron 'cloud' in t h e  
soil can be increased; however, this is not a measure of the moisture 
present but only of the backscattering property of the ref lector .  Even 
if t he  reflector is made from material of high atomic mass, and c m  r e t u r n  
fast neutrons to t he  soil, the geometry is no longer spherically 
symmetrical about t he  source, Therefore, using this method the normal 
depth calibration curve cannot be used since there  is e i ther  an increased 
background count, or the shape and hence the density of the t h e m 1  
neutron 'cloud' has been altered giving another false moisture reading. 
This can be avoided by using t h e  soil trays developed at the 
Ins t i tu te  of Hydrology  ell , in prepmat i o n ) .  These c m p r i e e  a specially 
made fibreglass tray filled with surface soil; when not in use the tray 
is kept in a hole lined rouud the aideer w i t h  a concrete r ing  near t he  
access tube. The tray surface is level with t h e  ground surface. The tray 
is 10 cm deep and 46 cm in diameter, the appropriate crop is grown in it, and t h e  
bottom is perforated and designed to maintain hydraulic continuity with 
the soil below when it is in the  concrete holder. The soil in t h e  tray 
thus  has the same dens i ty ,  chemiertry and approximate moisture content as 
t h e  top soi l  layer in the vicinity. me tray has a central tube which 
enables it to be f i t t e d  over t he  access tube when readings a r e  t o  be taken, 
thus t h e  tray effectively double8 the thickness of the surface 10 cm soil 
layer and enables the normal calibration to be applied fo r  readings taken 
10 cm below t he  true ground surface. For neutron probes w i t h  aa extended 
ver t ica l  geometry, e.g. those employing a bottom placed source and a BF3 
counter, a deeper tray might be reguired. 
7. CALIBRATIONS 
Two main problems arise when considering the calibration of neutron 
moisture meters. The first i a  that the count rate in a soil of given 
composition is dependent not only on the water content, but also  upon the 
dry bulk density (Fig. 4 ) .  Although hydrogen is t h e  soil element which 
predominantly affects the density of the slow neutron cloud, all elements 
have t o  some degree a scattering and m absorption cross-section for 
neutrons. Thus, different densities of soil matrix create different 
probabilities of thermalising collisions, i . e. the total capture and 
scattering cross-sections of the soil matrix are chaaged if the weight of 
dry soil per u n i t  volume i e  changed. It therefore sppears that the count 
rate is a function of dry density as well as moisture. From the curves it 
can be seen that there is l i t t l e  difference in slope over any normal range 
of moisture chenge, so that working in terms of moieture differences rather 
than absolute values produces very l i t t l e  error i f  density is neglected 
and a single curve is used. The shape of the curve8 varies with the 
detection ayatem and source-atector geometry of different equipents (Bell 
and McCulloch, 1968). Current opinion i e  inclined to accept the effect 
of dry bulk density of the soil on calibration curves as described above, 
but it is very diff icult  to establish experimentally due to various errors 
which inevitably occur  with both f i e l d  and laboratory determinations, 
The second problem is that a curve is affected by the chemistry 
of t h e  matrix and the presence of certain trace elements w i t h  high 
absorption cross-sections reduces, t he  neutron count. These effects  can 
be dealt with theoret ical ly  (dlgaard, 1965) but t h i s  involves very precise 
and expensive chemical analyses of elements for each level in the soil 
at each site at which readings are t o  be taken. 
The theoretical method d s o  requires at least two experimentally 
established calibration points and it is therefore considered t h a t  
unless the very extensive and deta i l ed  chemical analyses are already 
available, empirical f i e l d  or laboratory calibration is more practicable. 
The var ia t ion of counts due to the radioactive random decay process in 
the source can be d e a l t  with quite simply by s t a t i s t i c a l  formulae (Bell 
and Eeles, 1967). 
LABORATORY 
This is possible w i t h  some soils if they satisfy two criteri~: 
(i) they do not swell and shrink w i t h  moisture change, i . ~ .  
they are low in clay minerals and organic content 
(ii) they a r e  fairly homogeneous as regards chemistry and 
densi ty ,  and not highly textured. 
Gravels and sandy s o i l s  s a t i s 0  these criteria. A wate r t i gh t  
drum at least  five feet in diameter and at least  f ive  feet deep is 
required, together with a thoroughly air dried  four t o n  sample of the 
soil. The procedure of sampling, air drying and packing of the drum 
t o  constant density provides a number of problems and i s  expensive. 
However, it does provide two (and possibly t h r ee )  very accurate c a l i b r a t i o n  
points  which can be regarded with a confidence n o t  always possible with 
f i e l d  calibrations. Count rates are established f o r  the known moisture 
values far the air dry and saturated conditions, after which the d m  is 
allowed to drain to equilibrium over several weeks. A fill count ra te  
p rof i l e  is then- o%tained and this is equated with a moisture p r o f i l e  
e s t ab l i shed  by sam-plingthe drum as it is systematically emptied of 
soil. 
9. FIELD CALIBRATION 
A f i e l d  calibration is t he  simplest method of calibration if the 
effect of soil dm bulk density is clearly appreciated, It doer, however, 
involve sampling at  different moisture content8 throughout the year, a d  
so it is a very lengthy process t o  oMain the complete set of e w e s .  
These represent al l  the soil in a defined area and depth, for which it 
may be assumed tha t  calibration is affected predominantly by density 
variations, w i t h  a fairly constant chermistxy. To derive even one curve 
f o r  one soil at an effectively constant dry bulk density in a long and 
d i f f i c u l t  job. Thtae curves do not have t o  be corrected for 'bound water' 
in the soil matrix as do theor&icfXLly derived curves, and thia i s  on6 
of many advantages of the f ield e&ibratian. 
A temporary access tube is inserted in the ground near t o  the 
intended position of the permanent access tube. The neutron probe i s  
lowered to the required depth and a stat ist ical ly  suitable count sccumulated 
by the  scaler. The tube i s  then removed and at least s i x  tundiaturbed' 
soil cores are taken centred at the reeding depth, and surrounding the 
tube position in as close a circle as possible, The soil corer used in 
this relatively undisturbed sampling technique i a  shown in Fig. 5 Plate 
2 shows a four inch 'Jarrettv auger whioh is marked by tape at the depths 
at which samples are to be taken; it i s  used to open a hole t o  these 
depths. The I n s t i t u t e  corer in f ron t  of t h i s  is then used t o  take the 
s o i l  sample, The corer is shown with the P.V.C. liner exposed between it 
and t h e  cutting shot. An actual sample is next t o  t h i s  with one end 
trimmed and the other end still with the surface grass attached t o  the 
soil core. The P . V . C .  liner retain4 the ample but care must be talcen to 
drive the corer t o  exactly the correct d i e t w o e  so as not t o  compress 
t h e  sample. A groove on the outside of the carer barrel shows where the 
top of t h e  P .V .C .  l iner  is in relation to the soil. surface, and the corer 
should not be driven beyond this mark. The s i x  soil cores art than 
processed gravhetrieally to obtain the msm moisture volumt fraction m b  
dry bulk density. Once calibration curve8 have been established far a 
particular instrument then other instruments c m  be int ereedlibratsd very 
easily by comparing f i e l d  readings, but only if the probea have similar 
source detector geometries and systems. It i a  v i ta l  that compreasion of  
the cores does not occur as this w % l l  change the apparent moisture content 
and density against which the  count rate is t o  be plotted. 
to. W G I N G  ACCESS TUJ3ES 
Readings can be taken as often as required providing t ha t  care 
is taken not to disturb t he  site surface. Where the ground is likely 
to be compected and surface vegetation destroyed by repeated visits, 
t hen  the tube should be approached i n  a manner t o  prevent this disturbance, 
e. g. on duckboards . Routine procedures t o  reduce i n c i d e n t a l  errors 
should be used at each s i t e  and on each occasion when taking readings. 
Under nonnal circumstances readings are best taken a t  10 cm intervals 
overlapping the  zonea of importance and so producing a running average 
of t h e  moisture profile. When the pattern of moisture variation has been 
determined over a period, readings are concentrated i n  t he  zone of 
moisture change so defined. 
The preset count or time is se t  on the scaler according to t he  
expected msisture range in a profile to give t h e  required precision 
(Bell and Eelcs, t967), and the readings are converted t o  count rates which 
are then  expressed as a ratio to the count rate in t h e  transport shield; 
t h i s  ratio procedure compensates for  drift i n  the electronics or change 
in performance which might otherwise cause sudden or progressive spurious 
'moisture changest . A l l  readings are recorded on f i e l d  sheets  (Fig. 6 )  
on which the r e l evan t  site and equipment deta i l s  are also noted. 
The equipment m u s t  be checked periodically because or possible long 
term drift in t h e  electronics. For equipment employing a scintillation 
detector a gzaph of count rate i n  the  transport s h i e l d  (or  some other 
standard) i s  plot ted  against t h e  pulse discrimination s e t t i n g  of the 
scaler. Increasing t h i s  voltage setting progressively cuts  of f  from 
t h e  scaling circuit pulses caused by garma photons, thermal, epi themal  
and falst neutrons in that order. 
As t h e  setting is increased t h e  initial count ra te  drops sha rp ly ,  
and then the graph levels off to fonn a 'plateau' due to the large 
proportion of thermal neutrons counted. The eount ra te  again falls 
sharply as t he  counting threshold is moved into higher e n e r a  ranges. 
From i t s  shape t h e  curve is cal led a 'plateauf curve, and t he  scaler 
discriminator is set  at the voltage connected with the middJ.e of t h e  
plateau so t h a t  the  main component of the count r a t e  i s  t h e m  neutrons. 
The discriminatar can be adjusted t o  give a particular count rate, e . g .  
the count rate in wster, but t h i s  must be on the stable part of the 
'plateau'. 
The corresponding came For a proportional counter is a plot of 
count rate against &node voltage. Here the  high enera neutrons are 
detected first at low mode volt&ges, ao that the curve i n i t i a l l y  rises 
sharply and levels off when the thermal neutron detection threshold is 
reached. The curve rises steeply &&sin as the garrmzag s t a r t  adding to the 
count rats. 
To ensure that reedingla taken i n  comparable conditions over a 
period art consistent it is essential to check the 'plateaut curve regularly, 
and to reset the Biscriminator or anode voltage if necessary, 
The importance of taking every care in the inatallation of neusron 
access tubes cannot be over empbasired as a reading bias introduced here 
is not easily detected. Similarly, dieturbance t o  the moisture regime 
arising from changed surface conditions due to trampling by careless 
operators during logging may cause serious errors. 
Although the instrymeat precision i 8  good the accuracy of  the 
calibration curve i s  affected by errors in the moisture determination. 
ALL errors must be kept t o  er minimum by carrying out the work of 
calibration wi th  extreme care. 
!Fhc establishment and maintenance of good routine procedures 
should prevent these faults, and lead t o  reliable reeults provided that 
t h e  f i e l d  procedures of ssaistaat staff are  checked frequently. 
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